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(54) HEAVY LOAD RADIAL TIRE 

(57) A heavy duty, radial tyre (1). has a carcass (6) 
including a carcass ply made of cords arranged at an 
inclination angle of 70 jo 90 degrees with respect to the 
tyre equator, the carcass ply comprising a main portion 
(6A) extending from a tread portion (2) to a bead core 
(5) in a bead portion (4) through a sidevyall portion (3) 
and integrally provided with a turnup portion. (§B) turned 
up from the axial ly inside to the outside at the bead core 
(5) to extend radially outwards, and a bead apex (8) dis- 
posed between the main portion (6A) and turnup por- 
tion (6B) of the carcass ply and tapering and extending 
radially outwardly from the bead core (5); characterised 
in that the above-mentioned turnup portion (6B) extends 
radially outwardly along the axially outer surface of the 
bead apex (8) arid has/a parallel portion extending sub- 
stantially parallel with and adjacently to the carcass ply 
main portion (6A) from tfie radially outer end (8t) of the 
bead apex, and the length L of the parallel portion is 1.0 
to 8.0 times the maximum section width CW of the bead 
core (5). 
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Description 
Technical Field 

5 [0001 ] The present invention relates to a heavy duty radial tyre of which the bead portions are improved in durability. 
Background Technology 

[0002J With the recent improvements in road networks and vehicle performance, high running performance is required 
10 even for example in heavy duty tyres for trucks, buses and the like. In recent years, radial carcass and heavy duty radial 
tyres in which the outside of the radial carcass is tightened by a rigid belt are widely employed. Such heavy duty radial 
tyres are high in rigidity of the tread portion and excellent in high speed performance, and further they show an excellent 
wear resistance, mileage and the like. 

[0003] By the way, during running, a heavy duty radial tyre is repeatedly subjected to a large stress in the region from 
is the sidewall portion to the bead portion. In this, region, very small cracks (hereinafter. referred to simply as "cracks") are 
liable to occur due to such stress and ozone in the atmosphere. 

[0004] The cracks make it impossible to recycle the tyres, and there is a possibility that a carcass ply separation is 
caused if the cracks grow inwardly of the tyre. 

[0005] It becomes clear that, in he^vy duty rjaclial tyres, especially those which are mountedon a five-degree-taper 
20 rim j which has bead seats j1 are tapered at five degrees with respect to the tyre axial direction sls shown in Fig. i 2. 
since the outer surface of the bead portions cpme irto contact with a curved surface j2 of the rj^ flange over a wide 
range (for example 80% or more), a large strain is produced and heat generation occurs in the contacting part during 
running. 

[0006] Such strain and heat, by their multiplier effect, harden or deteriorate the rubber in the bead portions, which 
25 sooner causes the above-mentioned damages such as cracks, carcass ply separation and theljke. 

Rescription of the Invention 

[0007] In the inventions set forth in claims 1 to 3, it is an object to provide a heavy duty radial tyre in which, by con- 
30 trolling cracks, especially ba«e to occur on the surface of the bead portion, over a long time term, the bead portions can 
be improved in durability 

[0008] The present inventors discovered that the larger the maximum principal strain at the tyre Outer surface is. the 
greater the possibility of cracks occurring when the tyre mounted on its regular rim is inflated. 

[0009] Further, it was discovered that cracks are liable to concentrate at spots where strain is relatively large when 
35 the maximum principal strain t m at the tyre outer surface in a region between the maximum tyre width point at which 

the tyre outer surface ts a»any outmost and an outer contact point which is the radially outmost point of a contacting 

region where the bead portion contacts the rim flange, and when the difference/fa m-cp) of the m^mum principal strain 

c m from a maximum prncpal strain t p at the above-mentioned maximum tyre width point are large. 

[001 p] It was discovered to be effective for controlling maximum principal strain to turn up a carcass ply a round the 
40 bead core from the axiatly ns<Je to the outside to form a turnup portion, and to dispose the turnup portion adjacent to 

and parallel with a main portion of the carcass to forrnia parallel portion; and to limit the parallei>portioh to a length of 

1 .0 to 8.0 times the maximum section Width CW of the bead core. 

[001 1] Further, in the inventions set forth in claims 4 and 5, it is an object to further improve the durability of the bead 
portion by preventing carcass ply separations and the like as well as cracks. For- this purpose, a side packing rubber 
45 having a 1 00% modulus of i 4 to 65 kgf/sq.cm more preferably 47 to 60 kgf/sq.crn is disposed on the axial outer surface 
of the carcass ply turnup portion, and the position of the radially outer end thereof is limited/ 

[001 2] Furthermore, in the. inventions set forth in claims 6 to 9. in order to further prevent the above-mentioned cracks 
and separations. 1he ratio (St/S) of a contact length St of the outer surface of the bead portion with the curved flange 
surface and a curved length S of the curved flange surface is set to be 0.2 to 0.70, more : preferably 0.4 to 0.65. 
>o [0013] In this specification, the "regular rim" is a rim having dimensions specified as a standard rim specif ied by 
JATMA, a "Design Rim" by TRA, or a "Measuring Rim" by ETRTO. The "regular inner pressure" is a maximum air pres- 
sure specified by JATMA. a maximum value specified in the "Tyre Load Limits At Various Gold Inflation Pressures" table 
of TRA. or a "Inflation Pressure" specified by ETRTO. 

S5 
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Brief Explanation of the Drawings 
[0014] 

5 Fig. 1 is a cross sectional view (right half) of a tyre which is an embodiment of the present invention; 

Fig.2 is an enlarged cross sectional view of a bead portion thereof; 
Fig.3 is a view of cross section A-A of Fig.2; 

Fig.4 is a graph showing the results of measured maximum principal strain; 

Fig.5 is a diagram for explaining a method of measuring the maximum principal strain; 
w Fig.6(A) and (B) are diagrams for explaining the positions of markings; 

Fig.7 is an enlarged cross sectional view of a bead portion showing another embodiment; 

Fig.8 is a graph showing a relationship: between the ratio (St/S) and temperature of bead portion; 

Fig.9 is a partial cross sectional view for explaining an interference;* 

Fig. 1 0 is an enlarged cross sectional view of a bead portion showing another embodiment; 
is Fig.1 1 is a graph showing a relationship between a ratio (f/F) Snd temperature of bead portion; and 

Fig. 12 is an enlarged cross sectional view of a bead portion of a conventional heavy-duty radial tyre. 

Best mode for practising the Invention 

20 [001 5] An embodiment of the present invention will now be described according to the drawings. 

[001 6] Fig.1 shows an assembly of a rim and a heavy duty radial tyre 1 (hereafter simply tyre 1 ') under a normal state 
in which the tyre is mounted on its regular rim J and inflated to its regular inner pressure and loaded with no load. The 
right half and left half are symmetric 

[0017] As for the above-mentioned rim J, a f h/e-degrees-taper rim is shown in this embodiment, which comprises a 
25 rim seat surface Js tapered at five degrees with respect to a tyre axial line (a tolerance of plus/minus 1 degree is per- 
mitted) and a fixed flange Jf on one side thereof. As shown in F%2; the fixed flange Jf has a rim flange face jf 1 which 
defines the rim width and at the radially outer end a flange arc part Jf2 curved with an arc angle of substantially 90 
degrees. 

[0018] In Fig.1 and Fig.2, the tyre 1 comprises a tread portion 2, a pair of sidewall portions 3 extending radially 
30 inwardly from both ends therepf. and a bead portion 4 located ataninner end of each of the sidewali portions 3. Further, 
the tyre 1 comprises a carcass 6. which comprises a single carcass ply 6a in which a main portion 6A and turnup por- 
tions 6B are formed in one bcdy, the main portion 6A extending from the tread portion 2 to bead cores 5 in the bead 
portions 4 through the sidewall portions 3, and the turnup portibris 6B being turned Up around the bead cores 5 from 
the axially inside to the outside, it is helpful for reducing the tyre weight to form the, carcass^ with a single carcass ply 
35 6a as explained above, 

[001 9] In the above-mentioned carcass ply 6a, carcass cords are arranged at an angle of from 70 to 90 degrees with 
respect to the tyre equator C. For the carcass cords, steel cords are.preferably used, but organic fibre coids. e.g. nylon, 
rayon, polyester, aromatic polyamide and the like can be used if need be. In this embodiment/shown as the circass 6 
is an example which is made up of a ply of an array of steel cords which are rubberised with topping rubber having a 
40 100% modulus Mt of 37 to 47 kgf/sq.cni and inclined at an angle of substantially 90 degrees with respect to the tyre 
equator C. 

[0020] Further, a belt 7 is disposed radially outside the carcass 6 and inside the tread portion 2. As the belt 7 in this 
embodiment, an example of four-ply structure. is shown, wherein an innermost belt ply 7A of^steel cords inclined at for 
example an angle of about 60 plus/minus 10 degrees with respect to the tyre equator G and belt plies 7B, 7C and 7D. 
45 of steel cords inclined at smali angles of not more than 30 degrees with respect to the tyre equator C are disposed one 
upon another so that, for example, at least two plies cross each other. 

[0021 ] In the belt 7, other cord materials such as rayon* hylori; aromatic polyamide, nylon and the like can be used 
according to the need. \ 

[0022] In the above-mentioned bead portion 4, a bead apex 8 made of hard rubber tapering radially outwards from 
so the bead core 5 is inserted between the main portion 6A and turnup portion 6B of the carcass ply 6a. The radial height 
H1 of the bead apex 8 measured from the bead base line BLtotheouter end 8t as shovvn in Fig.1 is 6 to 35%, preferably 
8 to 25%. more preferably 15 to 25% of the carcass section height He. In this embodiment it is set at about 21%. 
[0023] The *bead base line BL is defined as an axial line passing through the position corresponding to the rim diam- 
eter under the above-mentioned normal state. "The 'carcass section height is defined as the radial distance from the 
55 bead base line BL to the radially outer extreme end of the carcass'6 under the normal state. 

[0024] The bead apex 8 in this embodiment is preferably made of rubber having a 1 00% modulus Ma of from 14 to 
84 kgf/sq.cm, preferably 55 to 84 kgf/sq.cm. more preferably 64 to 84 kgf/sq.cm, and as shown in Fig,2, the axial outer 
surface 8o is defined by an axially inwardly swelling smooth arc. 
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[0025] If the 100% modulus Ma of the bead apex 8 is more than 84 kgf/sq.cm, the rigidity of the bead portion 4 
becomes excessively high, and the carcass cords can be easily bent partially near the radially outer end of the bead 
apex 8. Thus, there is a tendency that the carcass cord strength is decreased and ply looseness is caused. If the 1 00% 
modulus Ma of the bead apex 8 is less than 55 kgf/sq.cm, the necessary rigidity for the bead portion 4 can hot be 

5 obtained, and there is a tendency for the steering stability to decrease greatly. 

[0026] As for the bead core 5 in this embodiment, it comprises in this example a single steel wire which is spirally 
wound a predetermined number of times and bunched into a substantially hexagonal section shape. The periphery 
thereof is coated with rubber. As shown in Fig.2, the radially inner side 5i of the bead core 5 extends along a axial line. 
Since the tyre 1 is mounted on a five-degree-taper rim, the inside diameter $ A of the bead core 5 at the above men- 

10 tioned inner side 5i must be larger than the nominal diameter 4> B of the regular rim J 

[0027] If the inside diameter ^ A of the bead core 5 is less than the nominal diameter <j> Bof the regular rim J, problems 
arise, for example the cords of the carcass 6 are exposed in a bead seat surface, or it . can not be mounted on a regular 
rim. Incidentally, for the wire material of the bead core 5, aromatic polyamide can be used in addition to steel. 
[0028] The above-mentioned turnup portion 6B of the carcass ply 6a Is preferably ended at a position. of height H2 

is where the strain under load is relatively small. To put it concretely, it is extended radially outwardly beyond the outer end 
8t of the bead apex 8. But it is better .to avoid the maximum tyre width point P1 where the outer surface of the tyre is 
axial outmost. These help to decrease the concentration of strain on the outer end of the turnup portion 6B and thus to 
prevent separation. 

[0029] The above-mentioned turnup height H2 of the carcass ply 6a shown in Fig.1 is 20 to 60%, preferably 30 to 
?o 60%, more preferably 35 to 45% of the carcass section -height He from the bead base line BL. In this embodiment it is 
set at about 41%. If the height H2 of the radially outer end of the turnup portion 6B is less than 30% of the carcass sec- 
tion height He, there is a tendency such that strain concentrates on the outer end of the turnup portion 6B and separa- 
tions are liable to occur. If the height H2 of the radially outer end of the turnup portion 6B is more than 60% of the 
carcass section height He. the improvement in the durability reaches to its limit, and the tyre weight is increased: Thus 
?5 it is not preferable. 

[0030] The turnup portion 6B of the carcass ply in this embodiment extends radially outwards along the outer surface 
8o of the bead apex rubber 8 whHe.swelling inwardly first, and then approaches the main portion 6A of the carcass ply 
from a position substantially equal to the outer end 8t of the bead apex rubber 8. and thereafter extends substantially 
parallel therewith to form a parallel portipn G, and finally terminates,; 

?o [0031] For example in the above-mentioned normal state; the length L of the parallel portion G (measured therealong) 
is 1 .0 to 8.0 times, preferably 2;0 to 8:0 times, more preferably 3.5 to 6.5 times, still more preferably 4:6 to 6.0 times the 
maximum section width fiW of the bead core 5 (measured on the wire): In this embodiment, the parallel portion G is 
about 5.0 times the maximum sectipn width GW of the bead core, the parallel portion G helps to control the maximum 
principal strain on the outer surface of the bead portion. 

35 [0032] In this embodiment, the parallel portion G is formed, and when the tyre condition is changed from a tentative 
state in which the tyre 1 is mounted on a regular rim J and inflated to 0:5 kgf/sq.cm to the normal statein which the tyre 
is inflated to its regular inner pressure, the maximum principal sfrain.e m bn the surface of a region Y which region is 
defined between the above-mentioned maximum tyre, width point P1 and an outer contact point P2 which is the radially 
outmost point of the contacting region of the bead portion 4 contacting with the flange Jf of the rim J is set to be not 

to more than 4%; and further the difference (c n>c p) between the above-mentioned maximum principal strain e m in the 
region Y and the maximum principal strain e p at the maximum tyre width point P1 is set to be iess than 2%, 
[0033] It was discovered that jf the length L of the parallel portion Gis less than 1 .6 times the maximum section width 
CW of the bead core, a distinct peak appears in the^ maximum principal strain s m in the region Y, and cracks occur rel- 
atively early, concentrating upon the.positidn of the peak. Contrary, if the length L of the parallel portion G exceeds 8.0 

ts times the maximum section width GW of the bead core, the improvement in the bead durability reaches to its upper limit, 
and the tyre weight increases! Thus it is not preferable. 

[0034] In this example, the radially inner end of the^parallel portion G is- located on the radially outside of the outer 
end of the rim flange Jf . Fig.3, which is the A-A cross section of Fig.2, shows an example in which the carcass ply turnup 
portion 6B is close to the main portion 6A in the parallel portion G. In the figure, the distance N between the carcass 
?o cords of the main portion 6A of the carcass ply 6a and those of the turnup -portion 6B is for exainple set in the range of 
from 1 .0 to 4.5 times, preferably 1 .5 to 3.5 times the diameter D of the carcass cords 1 1 . 

[0035] The parallel portion G mitigates shearing force between the catcass cords of the carcass main portion 6A and 
turnup portion 6B by the.elasticity of rubber materialexisting betweervthe carcass cords, and further functions to reduce 
strain on the surface of the bead portion. 
>5 [0036] If the cord distance N is less than 1 .0 times the carcass cord.diameter D, the carcass cords 1 1 are apt to adjoin 
each other, and the shearing-forcermrtigating-effect by the rubber between the cords becomes insufficient. Further, the 
carcass cords 1 1 are in danger of partially contacting each other, and thus, there is possibility of causing cord loose- 
ness. Further, if the cord distance N is more than 4.5 times the carcass cord diameter D, even when the main portion 
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6A and turnup portion 6B are parallel to each other, the effect to reduce the maximum strain e on the outer surface of 
the region Y is apt to decrease. Further, the thickness of the bead portion 4 is increased more than is necessary, and it 
is not preferable from a point of view of heat generation. 

[0037] As for the rubber material between the carcass cords 11, 11 in the parallel portion G, the above-mentioned 
5 topping rubber for the carcass ply 6a can be used, but in this embodiment, a separate cushion rubber layer 12 is dis- 
posed between the carcass ply main portion 6A and turnup portion 6B. For the cushion rubber layer 12, it is possible to 
use substantially the same rubber materials as the topping rubber and hardrubber materials having substantially the 
same hardness as the bead apex 8 so as to be able to reinforce the bead portion 4. 

[0038] Fig.4 shows the results of measurements of a conventional tyre (tyre of Fig. 1 2 having no parallel portion) and 

w a tyre of the present invention, wherein the strain in the region Y between the tyre outmost point P1 and outer contact 
point P2 was measured. As apparent from Fig.4, in the conventional tyre, the maximum principal strain e m in the region 
Y had a peak Z of 7 to 8% under the above-mentioned inflating condition change. On the contrary, in the conventional 
tyre, it decreased to about 2% at the tyre outmost point PI. That is, the maximum principal strain e m was large, and 
the relative strain or difference (e p-e rti) of the maximum principal strain e p at the maximum tyre width point P1 from 

is the maximum principal strain em in the region Y was more than 5%* namely large. . 

[0039] In contrast therewith, in the tyre of the present invention, the maximum principal strain c m could be reduced 
to under 4% in the whole region Y. Further, in the tyre of the present invention, since the difference (e p-e m) between 
the maximum principal strain e m in the region Y and the maximum principal strain e p at the maximum tyre width point 
P1 is limited to under 2%, the maximum principal strain e m substantially had no peak, and the relative strain in the 

20 region Y was decreased. 

[0040] Thus, in the tyre of this embodiment, the maximum principal strain on the tyre surface of the above-mentioned 
region Y which extends from the sidewall portion 3 to the bead portion 4 can be limited to a very small value, thereby 
effectively controlling cracks, caused by repeated deformation and ozone in the atmosphere, over an extended period 
of time. Further, a separation growing from the outer surface of the b^d portion 4 toward the inside of the tyre can be 

25 prevented. 

[0041] If the maximum principal strain c m exceeds 4%. due to degradation of rubber caused by the repeated defor- 
mation of the sidewall portion during running and ozone in the atmosphere, cracks have. a tendency to concentrate on 
a high-strain spot Thus, it is not preferable. If there are spots in which the difference (e p-e m) between the maximum 
principal strain c m in the region Y and the maximum principal strain e p at the maximum tyre width point P1 exceeds 
30 2%, the relative strain at the maximum tyre width point P1 becomes large, and cracks are apt to concentrate on this 
point 

[0042] Incidentally, as shown in Fig.5, the> maximum principal strain e m is measured as follows. First, the surface of 
the sidewall portion 3 and bead portion 4 of a test tyre is buffed and washed with naphtha. A adhesive agent is applied 
to the buffed surface, and a radially extending measuring reference line RL is drawn. Markings or a series of circles in 

35 white ink (titanium oxjde+DOP+castor oil) are copied onto a vinyl tape 15 by means of screen printing. Then, to copy 
the markings, the vinyl tape 15 is applied to the buffed surface of th^ test tyre along the measuring reference line, 
wherein the tyre is mounted on its regular rim and inflated to an inner pressure of 0^5 kgf/sq.cm. Further, after the tyre 
is inflated to a regular inner pressure, the markings oh the tyre are copied to a blank tape, the markings (under the ref- 
erence condition in which 0.5 kgf/sq.cm was applied, and the corrparative condition in which the regular pressure was 

40 applied), obtained as explained above, are enlarged to measure each reference point shown in Fig. 6. The maximum 
principal strain can then be calculated from the following equations 1 to 1 1 . 

Equation 1 „ 
45 Under the reference condition, the circumferential length 
[0043] 

Lc0=*{(x1 0-x20) 2 + (y 1 Q-y20) 2 } 1/2 

50 

Equation 2 

Under the reference condition, the radial length 
55 [0044] 

Lrf)={(x30-x40) 2 + (y30-y40) 2 } 1/2 



5 



10 



EP0947 358A1 

Equation 3 

Under the reference condition, the length in a 135 degree direction 
5 [0045] 

U 135 0={(x50-x60) 2 + (y50-y60) 2 } 1/2 

Equation 4 

Under the comparative condition, the circumferential length 
[0046] 

Lc1 ={(x1 1 -x21 ) 2 + (y 1 1 -y2 1 ) 2 } 1/2 

Equation 5 

Under the comparative condition, the radial length 
[0047] 

Lr1={(x31-x41) 2 + (y31-y41) 2 } 1/2 

25 Equation 6 

Under the comparative condition, the length in a 135 degree direction 
[0048] 



75 



20 



30 

Equation 7 
35 The circumferential strain 
[0049] 

40 

Equation 8 
The radial strain 
45 [0050] 



50 



L 135 1={(x51*61) ■ + (y51-y6ir } 



2 » 1/2 



cc^(U1,LcQ)/LcO 



er=(Lr1-Lr0)/Lr0 



Equation 9 

The strain in 135 degree direction 
[0051] 



55 



E 135 =( L 135 1-L 135 0)/L 135 0 
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Equation 10 
Searing strain 
5 [0052] 

y=c c+e r-2X e 135 

Equation 11 

10 

The maximum principal strain 
[0053] 

15 e=(ec+er)/2+{(cc-er) ? + y 2 .} 1 */2 

[0054] In this embodiment, on the axially outer surface of the turnup portion 6B of the carcass ply 6a, a side packing 
rubber 9 having a 100% modulus Mp of 14 to 65 kgf/sq.cm more preferably 47 to 60 kgf/sq.cm and tapering towards 
the radially inner end and outer end is disposed. The radially outer end 9t of the side packing rubber terminates outside 

20 the outer end 8t of the bead apex 8 and in this embodiment inside the outer end of the parallel portion G. 

[0055] As for the bead portion 4, shown is an example provided with achafer rubber 1 0 covering over the axially outer 
surface of the side packing rubber 9 and exposing in the bead se>at surface 4b and the outer surface 4a of the bead por- 
tion 4. The chafer rubber 10 preferably has a 100% modulus Mc of 55 to 75 kgf/sq.cm, more preferably 60 to 75 
kgf/sq.cm. It is preferable for the chaferrubber 10 to have ^chiahigh rmxiulus because the rigidity of the outer surface 

25 4a and bead seat surface 4b of the bead portion 4- contacting with ^eVrimiJ^'is : suifalply' increased, and damages due to 
rim chafing arid rim contacting can be effed^ = v 

[0056] By providing the outer surface of the. turnup portion 6B of tfie carcass ply with the.side packing rubber 9 and 
chafer rubber 1 0 which have 1 00% moduli adjusted as explained above; it biecomeis possible to decrease the difference 
in modulus at the boundary from the topping rubber o^ concentration is.mitigated and the effect 

30 to prevent separations pf the tum^ 

If the 100% modulus Mp of theiside packing rubber 9 is less than ^1 4 . kgf/sq.cm, the ability to follow the carcass 
improves, but the rigidity ofthe bead portiondecreases and the;steering stability greatly decreases. On the other hand, 
the 100% modulus Mp of the side packing rubber 9 exceeds 65 k^/sq.cm, the modulus difference from the topping 
ber of the carcass ply 6a js liable to become larlge, and the separatiqnTprey^ The difference 

35 between the 100% modulus Mt of the carcass cord topping mbber^nd^e ipb^.mpdulus Mp of the side packing rub- , 
ber is preferably hot more than ^ . 
[0057] If the outer end 9t of the side packing rubber 9 is ppsrtioned .inside the outer end 8t of the head apex 8. the 
strain-mitigatingTeffect decreases, which is due to the carcass 6 bfeingte the outer end portion 8t 

. ofthe bead apex 8 during running. If the outer end 9t of the side pactohg rubber 9 extends outwardly so as tocover the 

40 outer end of the atoye-mehtipned parallel portion G, it;would be possible to prevent -the turnup. portion 6B from sepa- 
rating. Thus, this is preferable from this viewpoint. Further, as the radiajiy inner end 9b and outer end 9t of the side pack^ 
ing rubber 9 are. tapered, the rigidity difference from the surrounding rubber can be; minimised to disperse the strain. 
Thus, this is preferable from this viewpoint top.. ; . ; 

[0058] In this embodiment, the radially inner end 9b of the side packing rubber 9 is located on an axial line extending 
45 axially outwardly from the substantially centre of the bead core 5 as shown in Fig.2. It is preferable for effectively pre-/ 
venting the carcass ply turnup portion 6B from separating to set the height H3 of the inner end 9b in the range of from 
1 to 8% of the carcass section height He, in this embodiment.4.5%.^On,the other hand, the outer end height H4 of the 
side packing rubber 9 is preferably 25 to 65% of the caress section-height Hcjn this embodiment about 31 %. 
[0059] Thus, in this embodiment; the bead apex height H1 , th e qarcass turnup height H2, and the inner and outer end 
so heights H3 and H4 of the side packing rubber satisfy a relationship 

H3<H1 <H4<H2 \. 

but. it may be possible to satisfy 

55 

H3 < H1 < H2 < H4. 

[0060] It is most effective to set the maximum thickness (t) of the side packing rubber 9 (shown in Fig.2) in the range 
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of from 0.2 to 0.7 times the maximum section width CW of the bead core 5. If the thickness (t) is less than 0.2 times the 
maximum section width CW of the bead core 5, the side packing rubber 9 has a tendency to relatively decrease its 
effect to prevent the carcass ply turnup portion 6B from separating. If the thickness (t) exceeds 0.7 times the maximum 
section width CW of the bead core 5, the rubber thickness of the bead portion 4 is liable to increase, and the heat gen- 

s eration there from is also liable to increases. 

[0061] If the 100% modulus Mc of the above-mentioned chafer rubber 10 is less than 55 kgf/sq.cm, it is liable to 
become difficult to obtain such a rigidity that makes it possible to endure the contact with the rim J. If exceeds 75 
kgf/sq.cm, the rigidity of the bead portion excessively increases. The chafer rubber 10 in this embodiment is connected 
with a sidewall rubber 14 having a 100% modulus Ms of 10 to 20 kgf/sq.cm and defining the outer surface of the sidewall 

10 portion 3, 

[0062] By thus disposing the side packing rubber 9, chafer rubber 10 and the like, the rigidity of the bead portion 4 
can be properly mitigated and the strain can be broadly dispersed. Thus, the separatiori-preventing-effect improves. 
The side packing rubber 9 can prevent the carcass 6 from being bent partially at the outer end 8t of the bead apex 8 
and thus a decrease in the strength of the carcass cords near the outer end 8t can be avoided. 

75 [0063] Fig.7 shows another embodiment, wherein in a tyre meridian section under the abovermentioned normal state, 
the outer surface of the bead portion 4 comes in contact with a flange arc surface Jf2 curved so as to have an arc angle 
of substantially 90 degrees and continued to the radially, outer end of -the rim flange surface Jf1 of a rim width part: In 
the example shown, the ratio (§t/S) of the contact length St of the outer surface of the bead portion 4 with the flange 
arc surface Jf2 and the;arclen&th S of the flange arc surface is 0.2 to 0.70. The other structures are substantially the 

20 same as the former embodiment. . 

[0064] In a conventional tyre mounted on a five-degree-taper rim. (shown in Fig. 12). as the outer surface 4a of the 
bead portion 4 comes in contact with the flange arc surface Jf2 broadly under the normal state and separation failures 
often occur in the carcass ply turnup portion. In this embodiment, therefore, the area T (shown in Fig.7) of the outer sur- 
face 4a of the bead portion 4 contacting wrth the flange arc surface Jf2 is specif ically limited to an area smaller than the 

25 conventional one, thereby minimising me amplitude of strain and frictional heat generation caused by tyre deformation 
during running such that the tyrie falls down towards the rim flange Jf. Thus.the occurrence of separation is further con- . 
trolled by the synergism of this, the side packing rubber 9. the limited<rh^imum principal strain and the like. 
[0065] The a^e-merrtioned range of the ratio (St/S) was obtained frorri the results of various tests conducted by the 
inventors. Thatis, tyres were made by wiay of test changingthe ^ove-inentioned ratio (St/S>, and a drum durability test 

30 was conducted to measure the temperature at th6 inside (point A of FlgvT) of the bead portion, and the results shown ' 
in Fig.8 were (Stained. It was discovered that the bead portion 4 can be decreased iri.heat generation and heat gener- 
ation reduced to a very lowjevel. by setting the abpye-rherrtioned ratio (St/S) in the range of from 0:2 to 0.70, more pref- 
erably 0.4 to 0:65. still more preferably 0.50 to 0.65. •. »v. 

[0066] If the above-mentidh^d?ratio (St/S) is less than 0.2, the contacting area T becomes top narrow, and the? bending 

35 deformation of thebead portion 4 greatly increases^nd as a result; the fnctibnal heat generation increases. Tyres hav- 
ing a ratio (St/S) more than 0.70 were about the sarne'asithe conventional i tyres. As the contacting area T excessively 
increases, the heat generation and strain increases, and the separation preventing effect can hbt be obtained. Inciden- 
tally, if the arc angle ofithe flange arc surface Jf2 is not less than 90 degrees, the arc length S is defined as the length 
corresponding to an arc arigje of 90 degrees* 

40 [0067] Further, in this embodimem the outer surface of the bead portion 4 forms a curved surface portion 13 which 
is caved in toward the inside of the tyre like an arc and extends radially birtwardly from the outer contact point P2 which 
is the radially outmost point of the area f of the outer surfape of the bead portion 4 contkctingwith the flange arc surface - 
Jf2 of the above-mentioned rim flange Jf. Such an arc-like curved surface portion 13 further decreases the rubber thick- 
ness of the bead portion 4 and reduces therinternal friction of the rubber to lessen heat generation, which further helps 

45 to prevent separation failures. 

[0068] Because the arc-like curved surface portion 13 is formed to accord with the profile of the flange arc surface Jf2 
of the rim flange Jf when fallen down toward the rim flange, the curvature is not reversed even when it is fallen down 
and deformed, and further the friction between the arc-like curved surfece^portioh 13 and the flange arc surface Jf2 of 
the rim flange Jf becomes very small. Therefore, heat generation and strain in the bead portion 4 can be reduced, and 

so the occurrence of separation can be controlled. 

[0069] As shown in Fig.7. the height H5 of the radially outer end P3 of the arc-like curved surface portion 13 from the 
bead base line BL is 15 to 35%, preferably 20 to 30%, more preferably 22 tp 28% (in this embodiment 21%) of the 
above-mentioned carcass section height He, and in this example, it is substantially equal to the height HI of the above- 
mentioned bead apex a In this embodiment, the arc-like curved surface portion 9 meets the outer surface's arc C1 of 

55 the sidewall portion 4 which has a centre on the tyre hollow's side and a radius of curvature R1 so that the meeting part 
appears to be a circumferential crest line. 

[0070] If the height H5 of the radially outer end of the above-mentioned arc-like curved surface portion 13 is lower 
than 15% of the carcass section height He, it becomes difficult to decrease the rubber thickness of the bead portion 4. 
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and an effect to reduce the friction between the arc-like curved surface portion 13 and the flange arc surface Jf2 of the 
rim flange Jf tends to decrease. If more than 30%. there is a tendency for the rigidity of the bead portions 4 to decrease. 
As shown in this example, it is preferable, for preventing the bead rigidity from decreasing, to dispose the outer end P3 
of the arc-like curved surface portion 13 at the substantially same position as or inward of the outer end 8t of the bead 
5 apex 8 which is made of hard rubber. 

[0071] Further, in the tyre meridian section, it is preferable to form the arc-like curved surface portion 13 by a single 
arc or a plurality of arcs. In case of a single arc, the radius of curvature thereof is preferably 20 to 30 % of the above^ 
mentioned carcass section height He. Preferably, the arc-like curved surface portion 9 and the arc of the outer surface 
of the sidewall portion 4 are smoothly connected to each other as shown in Fig.7 by a dotted line. 

w [0072] If the arc-like curved surface portion 13 is constructed so* the amount of deformation of the bead portion 4 
when leaning toward the rim flange Jf becomes large. In connection with the size, measured in a vulcanising mould, of 
conventional heavy duty tyres to be mounted on a five-degree-taper rim in particular, the inside diameter of the bead 
seat surface 4b is set to be larger than the outside diameter of thet rim seat surface Js. Thus, there is an interference 
between the outer surface of the bead portion and the rim flange surface. Therefore, the bead seat surface 4b is more 

15 moved when leaning and the heat generation in the bead portion 4 increases. 

[0073] Therefore, in this embodiment with regard to the size in the tyre vulcanising mould, by setting the inside diam- 
eter of the bead seat surface 4b less than the outside diameter of the rim seat surface Js as shown in Fig.9 by a chain 
line, an interference is provided between the bead seat surface 4b and rim seat surface Js under the above-mentioned 
normal state, whereby a large movement of the bead seat surface Js when the tyre 1 is loaded can be controlled, and 

20 the heat generation in the bead portion due to repetitions of deformation can be decreased, and rubber failure in the 
bead base is controlled. 

[0074] Thus, the durability of the bead portion can be further improved! 

[0075] As shown in Fig.9, the maximum interference E between the rim seat surface Js on the fixed flange side and 
the bead seat surface of the tyre under the in-mould size is preferably 0.5 to 3.0 mm. If the interference E is less than 
25 0.5 mm, the effect to control a large movement of the be ad seat surface 4b when loaded becomes decreased. If more 
than 3.0 mm. it becomes difficult to mount the tyre on a rim. On the other hand, it is possible to dispose a cord (fabric) 
chafer to reinforce the bead seat surface 4b. 

[0076] Further, in this embodiment, as shown in Fig. 10. under the above-mentioned normal state, the rubber thick- 
ness is adjusted as follows: 

30 [0077] Given that point R is the intersecting point of the outer surface of the bead portion 4 and a line, a line is drawn 
along the minimum distance F between the axially outer surface M of the carcass turnup portion 6B and a 60 degree 
position P on the flange arc surface Jf? which corresponds to a 60 degree arc starting from the radially outer end of the 
rim flange surface Jfl . 

[0078] The ratio (f/F) of the distance (f) between points (M and R) and the length (F) of the above-mentioned line is 

35 in the range of from 0.4 to 0.9; 

[0079] From the results of tests conducted by the present inventors, the following were discovered: separation failures 
in the bead portion 4 concentrates in the neighbourhood of the above-mentioned point M of the line extending along the 
minimum distance F between the 60 degrees position P on the flange arc surface Jf2 which corresponds to a 60 degree 
arc from the radially outer end of the rim flange Jf1 and the axially outer surface M of the carcass turnup portion 6B; 

40 and heat generation in the bead portion 4 can be controlled by adjusting the rubber thickness relatively to the length (F) 
of the line, that is, the distance (f) between the above-mentioned (M and R). thereby preventing separation failure. 
[0080] Tyres were made changing the above-mentioned ratio (f/F), and a durability drum test was conducted to meas- 
ure the temperature around the point (M). As shown in Fig.11, if the ratio (f/F) exceeds 0:9, the bead rigidity is 
increased, but the opportunity for contact with the rim flange Jf is increased and the heat generation increases. If the 

45 ratio (f/F) is less than 0.4, the bead portion becomes short of rubber thickness and thus the rigidity. As a result, the 
steering stability deteriorates, and structural breakdown can be caused. 

[0081] As explained above, the controlling of the rubber thickness of the bead portion enhances the effect of the side 
packing rubber 9. Further, it helps to decrease the strain in the above-mentioned,region Y and the durability of the bead 
portion can be further improved. 
so [0082] A heavy duty radial tyre 1 has been detailed as above. In each of the above-mentioned embodiments, the bead 
portion 4 is not provided with a cord reinforcing layer separating from the carcass ply 6a and composed of a cord ply in 
which organic fibre cords or steel cords are arranged, which helps to decrease the tyre weight and cost. The present 
invention is not limited to the disclosed embodiments and can be modified variously as far as it does not deviate from 
the gist of the present invention; 

55 

Working Example 

[0083] Heavy duty radial tyres of size 1 0.00R20 for five-degree taper rims were made according to the specifications 
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given in Table 1 (Example tyres 1 to 8 and a conventional tyre) and tested for durability of the bead portion. 
[0084] Common specifications to the tyres are as follows: 

Carcass 

[0085] 

Number of ply: 1 

Cord construction: Steel cord (3X0.20+7X0.23) 

Cord angle: 90 degrees with respect to the tyre equator 

Cord count: 38 /5em (at a position on the radially inside of the bead core) 



Belt 
15 [0086] 

Number of ply: 4 

Cord construction: steel cord (3X0.20+6X0.35) 

Cord angle with respect to the tyre equator: +67/+ 18/- 18/- 18 degrees from inside 

20 Cord count: 26/5cm 

[0087] First, changing the length of the parallel portion, the maximum principal strain in the above-mentioned region 
Y, crack occurrence, and bead durability were compared with each other. 

In this test, a side packing rubber was not disposed, and the moduli of the different rubbers were as follows: 

100% modulus Ms of Sidewall rubber: 15 kgf/sq.cm 

1 00% modulus Ma of Bead apex rubber: 75 kgf/sq.cm 

100% modulus Mc of Chafer rubber: 71 kgf/sq.cm 

100% modulus Mt of carcass topping rubber: 42 kgf/sq.cm 

[0088] The tests are as follows. 

Durability of bead portion 

35 [0089] A test tyre mounted on a 7.50X20 standard rim and inflated to 1 000 kPa and loaded with 9000 kgf was run on 
a drum at a speed of 20 km/h, and when any visible damage was caused, the running was stopped. And the ratio L1/L0 
of the damageroccurring distance LI to the target distance L0 of :10p60:km was evaluated by an index based on the 
conventional tyr£ being 100. The larger the value, the better the performance. 

40 Maximum principal strain measuring test 

[0090] As.explained above, the existence of a peak and the maximum principal strain e m, e p were evaluated. (Stand- 
ard rim: 7.50X20, Inner pressure: 800 kPa). 

45 Crack test 

[0091] The test tyre mounted on a 7.50X20 standard rim arid inflated to 800 kPa was put in an ozone chamber where 
the ozone concentration was 40 pphm. and the temperature was 40 degrees, and the time spent until cracks occurred 
in the above-mentioned region V was evaluated by an index based on the conventional tyre being 100. The larger the 
so value, the better the resistance to cracking. 

Tyre weight 

[0092] The weight of a tyre was measured, which is indicated by an index based on the conventional tyre being 1 00 
55 The test results are shown in Table 1 . 
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Table 1 





Ex.1 


Ex.2 


Ex.3 


Ex.4 


Ex.5 


Ex.6 


Conv.1 


Length of Parallel portion L (mm); 


68 


20 


117 


39 


26 


104. 


0 


Max. section width of Bead core CW 
(mm) 


13 


13 


13 


13 


13 


13 


13 


L/CW 


5.2 


15 


9.0 


3.0 


2.0 


8.6 


0 


Shape of Bead portion 


Fig.2 


Fig.2 


Fig.2 


Fig.2 


Rg,2 


Fig.2 


Fig. 12 


Max. Principal strain e m (%) 


2.5 


3.5 


2.5 


2.5 


3.0 


2:5 


6.5 


em-cp(%) 


0,5 


1.5 


0.5 


0.5 


1.0 


0.5 


4.5 


Crack test (index) 


130 


105 


130 


130 


125 


130 


100 


Bead durability test (index) 


120 


70 


120 


115 


105 


120 


100 


Tyre weight (index) 


95 


92 


103 


94 


93 


101 


100 



20 ' 

[0093] Next, similar tests were conducted, providing a side packing rubber and changing the rubber moduli as shown 
in Table 2. The test results are indicated by an index based on the conventional tyre 2 being 100. The test results are 
shown in Table 2, Table 3. 

25 



30 



35 



40 



45 



50 
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Table 2 



5 




Ex.7 


Ex.8 


Ex 9 


Ex. 10 


Ex. 11 


Ex. 12 


Ex. 13 


Ex. 14 


Conv. 2 




H1/Hc ratio Bead apex (%) 


25 


25 " 


25 


25 


25 


25 


25 


25 


41 




H2/He ratio Carcass 
turned up portion (%) 


41 


41 

*T I 




O I 




A 1 


41 


41 




10 


Side packing rubber 






















H3/Hc ratio Inner end 
height (%) 


4.5 


4.5 


4.5 


4.5 


4.5 


4.5 








15 


H4/Hc ratio Outer end 
height (%) 


31 


31 


31 


31 


31 


31 


31 


31 






100% modulus 
(kgf/sq.cm) 






















Ms Sidewall rubber 


15 


15 


15 


15 


15 


15 


15 


1 0 


I O 


20 


Mp Side packing rubber 


50 


50 


50 


50 


50 


50 


10 


70 






Ma Bead apex 


75 


75 . 


75 


75 


75 


75 


75 


75 


75 




Mc Chafer rubber 


71 


80 


71 


71 


71 


71 


71 


50 


71 




Mt Carcass topping rubber 


42 


42 


42 


42 


42 


42 


42 


42 


42 


25 


St/S ratio Contact 
between Outer surface Of 
bead portion and Flange 
arc surface (%) 


58 


58 


58 


58 


19 


71 


58 


58 


89 


30 


f/F ratio Rubber thickness, 
in Bead portion (%) 


80 


80 1 


80 


80 


80 


80 


80 


80 


100 




l/cw ratio Lengin ot rarai- 
let portion 


5.0 


5.0 


1.8 


1.0 


5.0 


5.0 


5.0 


5.0 


- 


35 


Q/D ratio Carcass cord 
spacing 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.0 




Max. principal strain c m in 
Region Y (%) 


3 


3 


3 


3 


3 


3 


3 


3 


8.5 


40 


(c m-c p) (%) 


1 


1 


1 


1 


1 


1 


1 


1 


5 




Interference of Bead seat 
surface (mm) 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


0 


45 


Durability of Bead portion 
(index) 


200 


105 


115 


150 


125 


130 


101 


102 


100 




Crack Test. (index) 


300 


300 


300 


300 


300 


300 


300 


300 


100 




Tyre weight (index) 


92 


92 


90 


93 


90 


95 


92 


92 


100 



* He = Carcass section heighl 

50 



[0094] Furthermore, similar tests were made, changing the rubber moduli and the above-mentioned ratio (St/S). The 
test results are shown in Table 3. 
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Table 3 





tX ID 


bx. 16 


Ex.17 


Ex.18 


H1/Hc ratio Bead apex (%) 






25 


25 


H2/Hc ratio Carcass turned un nnrtion 




19 


61 


41 


Side oackina rubber ' 










H3/Hc ratio Inner end.height (%) 






■**mO 


**.o 


H4/Hc ratio Outer end height (%) 


31 


31 


31 


31 


100% modulus (kgf/sq.cm). 










Ms Sidewall rubber 


15 


15 


15 


15 


Mp Side packing rubber 


50 


50 


50 


50 


Ma Bead apex 


75 


75 


75 


75 


Mc Chafer rubber 


71 


71 


71 


71 


Mt Carcass topping rubber 


42 


42 


42 


42 


St/S ratio Contact between 5 Outer surface 5 o1 bead portion and Flange arc sur- 

KXVsVZ \ rO ) 


58 


58 


58 


58 


lit lallU nUUUcI U HUTVJ lci>b III DcaU portion ^ /©y 


80 


80 


80 


30 


L/cw ratio Length 'of Parallel portion 


v; 5.0" 


1:8 




o.u 


Q/D ratio Carcass cord spacing \ 


2.5 


2.5, 


2 5 


2-5 


Max. principal strain em in Region Y (%) 


• : ,3 


3 


3 


3 


(c m-c p) (%) 


1 


1 


1 


i. 


Interference of iBead seat surface (mm) 


1,5 


1.5 


1.5 


1.5 


Durability of Bead piprtibn (ind^c) 


206 


115 


150 


125 


Crack Test (index) 


300 


300 


300 


300 


tyre weight (index) 


92 


90 


93 


90 



• He = Carcase section height 



[0095J From those test results, it was conf irmed thatExample tyres was improved in ^durability of the bead portion. 
[0096] Further, it was confirmed that Example tyres have no peak of the maximum principal strain e m in the region 
Y and the value thereof is not more than 4.0%; 

[0097] Furthermore, it was confirmed that e m- c p is less than 2% and the relative difference in strain is decreased. 
[0098] It may be understood that Example tyres are superior in the resistance to crack with relation to those results. 
[0099] Further, as to other tyre sizes, similar good test results could be obtained. 

Claims 

1 . A heavy duty radial tyre (1) comprising a carcass including a carcass ply (6) made of cords arranged at an inclinar 
tion angle of 70 to 90 degrees with respect to the tyre equator, the carcass ply (6) comprising a main portion (6A) 
extending from a tread portion (2) to a bead core (5) in a bead portion though a sidewall portion (3), the main por- 
tion (6) integrally provided with a turnup portion (6B), the turnup portion (6B) turned up from the axially inside to the 
outside at said bead core (5) and extending radially outwardly, and a bead apex (8) between the main portion (6A) 
and turnup portion (6B) of the carcass ply (6) extending and tapering radially outwardly from the bead core (5). 
. characterised in that said turnup portion (6B) extends radially outwards along the axially outer surface of said bead 
apex (8), and then from the radially outer end (8t) of the bead apex it has a parallel portion extending substantially 
parallel with and adjacently to the main portion (6A) of the carcass ply (6), and the length L of the parallel portion 
is 1 .0 to 5.0 times the maximum section width CW of the bead core (5). 
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2. A heavy duty radial tyre to be mounted on a five-degree-taper rim (Js) according to claim 1 , characterised in that 
the carcass (6) consists of a single carcass ply and the height H2 of the radially outer end of the turnup portion (6B) 
is 30 to 60 % of the carcass section height He. 

5 3. A heavy duty radial tyre according to claim 1 or 2, characterised in that when the tyre is mounted on a standard rim 
(Js) and the inflated condition is changed from an initially assembled state in which the inner pressure is 0.5 
kgf/sq.cm to a normal state in which the inner pressure is standard, the maximum principal strain e m of the surface 
of the region between a maximum tyre width point P1 where the outer surface of the tyre is axially outmost and an 
outer contact point ;P2 which is the radially outer point of a region of the bead portion contacting with a rim flange 

io is not more than 4%. and the difference (t m-c p) between the maximum principal strain c m of said region and the 
maximum principal strain c p at the maximum tyre width point P 1 is less than 2%. 

4. A heavy duty radial tyre according to claim 1, 2 or 3, characterised in that the bead portion (4) is provided dp the 
axially outer surface of the turnup portion of the carcass ply with a side packing rubber (9) having a i 00% modulus 

is Mp of 14 to 65 kgf/sq.cm, and the radially outer end (9tj of the side packing rubber (9) is disposed outside the outer 
end of the. bead apex (8). 

5. A heavy duty radial tyre according to any of claims 1 to 4. characterised in that the bead portion (4) is provided with 
a chafer rubber (10) having a 100% modulus Mc of 55 to 75 kgf/sq.cm, the chafer rubber (10) covering the axially 

20 outer surface of the side packing rubber arid being exposed in the outer surface of the bead portion and bead seat; 
and the chafer rubber (10) is cpnnectied with a sidewall rubber (14) haying a 100% modulus ! Ms 6f 10 to 20 
kgf/sq.cm and defining the outer surface of the sidewall portion. 

6. A heavy duty radial tyre according to any of claims 1 to 5, characterised in that in a normal state in which the tyre 
25 is mounted on a standard rim arid inf lated to a standard inner pressure ahd loaded with no load, the bead portion 

(4) comes into contact with a flange arc suffabe (Jb2). the flange arc surface being curved with a substantially 90 
degree arc and extending to the radially bitter end of a ririi flange surface, the rimiflange surface passing a rim width 
position of the rim flange, and th<e >atio (St/iS) of the contact length St of the Outer surface of the b^ad portion with , 
the flange arc surface lb the arc length S of the flange arc surface is o;2 to 0.70. 

30 

7. A heavy duty racfcal tyre according to any of claims 1 to 6, characterized in that the bead portion (4) has an arc-like 
curved surface portion, the arc-like curved; surface portion sirtking tpwards the inside of the tyre and extending radi- 
ally outwaidly from an outer .0Qn^pi'-p6int.whl^ is. the radially outer point of a region contacting with the rim flange 
under the normal state: and said rabo (St/S) is 0.4 to 0.65. 

35 

8. A heavy duty radial tyre according to claim 6, characterized in that in the bead portion under said normal state, 
given that R is the intersecting point of a line extending along the minimum distance F between the axially outer 
surface M of the carcass turnup portion arid a 60 degree position P on the flange arc surface which corresponds to 
the angle of a 60 degree arc tram the radially outer end of the rim flange surface with the outer surface of the bead 

40 portion, the ratio f/F of the distance f between M ai^ R to the^ength: 

9. A heavy duty radial tyre according to claim 6, characterised in that the bead portion (4) has an interf erence;between 
the bead seat surface and rim seat surface. 

45 



50 



55 
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Fig. 3 



D 6 




17 



EP 0 947 358 A1 




18 



EP 0 947 358 A1 



Fig.5 
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(A) Reference condition Circumferential direction 

A 



(x 5 o. y s 0) 



(x 1 0, y 1 0) 



(x3 0. y3 0) 




(x 4 0. y 4 0) 



Radial direction 



( x 6 0 . y 6 0 ) 



( x 2 0 . y 2 0 ) 



(B) Comparative condition Circumferential direction 

A 



(x 5 1 . y 5 1) 



(it l l, y 1 1 ) 



(x4 1. y 4 1) 




^ Radial direction 



(x3 l. y 3 l) 



(x 6 1, y 6 1 ) 



(x 2 l. y 2 I) 
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Fig.7 
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Fig. 8 
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Fig.9 




/ 



4b 



EP 0 947 358 A1 




24 



EP 0 947 358 A1 




25 




26 



EP0 947 358A1 



INTERNATIONAL SEARCH REPORT 



fatematibiiil application No. 

PCT/JP98/02950 



A. CLASSIFICATION OF SUBJECT MATTER 
Int.Cl* B6QC15/00, 15/06 



AoCTfing tohrtcrhaiipnai P atent d^totfon (IPC) or to both 
B. FIELDS SEARCHED " ' ' : \ 



national claaaificalico and IPC 



mum dcoaaent^oo searched (dassificaiiori c ysiem followed by daoffleaiion a^mbotst 
Int. CI B60C15/00, 15/06 / °n«ymoois, 



Dooimeatetioa wanted other Era oS^ESS to the extent thai iocb dca^ments Winded in the field* 
JJ^^ S^^Oho 192<hl996 

Ktatoi Jltaigp shlnan Bono; 1*71-1995 JitAuyci sfc&ri Tcx^ tctio 



edita btsc oxtsoltcd during the intemaiipn^ search (name of data bate oi&vrnere p^cabjc, se«A /tSSJwed)" 



C. DOCUMENTS CONSIDERED TP BBJtgl BVAMT 



Cetegorr* 



y 

Y 



Citation of docamcat, with indication, where appropriate, of the relevant passages 



3-204313, A (Siimitbmo Rubber Indue tries V Ltd. 1, 
September 5, 1991 (05. 09. 91) (Fainilys nJne) 

JP r 8-23 641 9., A ( Sumitomo Rubber Industries ''. Ltd. ) , 
September 10, 1996 (10. 09. 96) {Family: none) 

JP, 8-25923, a (Sumitomo Rubber Industries, Ltd. ) , 
January 30, 1996 (30. pi. 96) (Fami^ e none)-; 

JP, 7-276929 , A (Sumitomo Rubber, Industries, Ltd." ) . 
October 24, 1995 (24. 10. 95) ( Pamily ; none ) 

JP, 7^17219, A (Bridgestone Corp.), 

January 20, 1995 (20. 01. 95) (Family: none) 

JP, 4-66309, A (Sumitomo Rubber Industries, Ltd. > . 
March 2, 1992 (02. 03. 92) "a,/, 
* BP, 465188/ Bl fc OS, 5415216, A 
DE, 69103831, CO 



Relevant to daixo No. 



1-* 

1-9 
1-9 



^ Father dcoaic^ □ See j^t fwnily 



sgpmsof died docttaotac • 
dctiakc iae>ml sue of to an which » »i 

to bo of pardtada/ rtjevwn 

on of after the toeraaOoetl OBaa date 

fce pabttordoa date of anoiber d&tfto* or otscr ' 
(at^eeMkd) 



date aid nol lo raoflkt with the acelkatkobcUchcdto iiadenaaad 
■ <fe|nfcicjpfeofa^^ 

oaorfdend i aoytj or carat be o mui d uul to tovoH* aa lovastive aa» 
wayo tfe docaiacflt « taken i)o»« ' 

<fcyt ? 1 ,^ ^i W n ri er wjevaacac ttjt delated ipyooiicmcaasot be 



pnUisaed prior to tba laiBfaadooalS&u date bot fate dan 
rdaiadafaned «. 



ombUedTKth Oee or 'am « ... 

brfag ebrlosa to a pad ajeffled is ft* art 

at pafcitf family 



Date of Che actual completion of the tqtenUticnal search 
July 9, 1998 (09. 07. 98) 



Date of mailing at me international search report 

August 4, 1998 (04. 08. 98) 



Name and maiiifg address of the ISA/ 

Japanese Patent Office 
Facsimile No. 



Amberized officer 
Telephone No. 



Fwm PCT/ISA^lp (second sheet) (July 1992) 



27 



EP 0 947 358 A1 



INTERNATIONAL SEARCH REPORT 


Intenutfioni) uppUceUon No. 
PCT/JP98/02950 


C(Gontinu 


alien). DOCUMENTS CONSIDERED TO BB RELEVANT 


Calegory* 


Gution of donimrnt, with bdfcalkxi. where tppnpriato, the relovmt postages 


Rebviat todftimNo. 


Y 
Y 

Y 
Y 
Y 
Y 

Y 

PY 


JP, 7-164840, A (Sumitomo Rubber Industries, Ltd. 1 , 
June 27, 1995 (27. 0.6*. 95) (Family: none) 

JP, 7-285305, A (Michelin Recherche et Technique 
S.A.)f 

October 31, 1995 (31. 10. 95) 
t BP, 678404, Bl & US/ 5526863, A 
& DE, 69501282, E &^BR, 9501600, A 
t CA, 2139478, A 

JP, 7-144516, A (Sumitomo Rubber Industries, Ltd.), 
June 6, 1995 (06. 06. 95) (Family; none) 

JP, 7-117419, A (Xoyo Tire & Rubber Co., Ltd.), 
May 9, 1995 (09. 05. 95) (Family: none) 

JI V 7-17220, A (Sumitomo Robber Industries, Ltd.). 
January 20, 1995 (20; 01. 95) (family- none) 

JP, 60-154903, A (Sumitomo Rubber Industries, 
Ltd.)/ • i ■ 
August 14, 1985 (14. 08. 85) ( Family t none ) 

JP, 7-81335, A (Bridgestone Corp.), 

March 28, 1995 (28. 03. 95) (Family i none) 

JP, 9-277402, A (Bridgestone Corp: ) , 
October 28, 1997 (28. 10. 97) (Familyi none) 


1^9 
4-7 

4-5 
4-5 
6-7 
6-7 

6-7 
6-8 





28 



